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Dr. Prashant Bhatt

The book is dedicated to Dr. Prashant Bhatt, a renowned
plant biotechnologist and mentor to many students,
including one of the authors (DKS) and several leading
contributors in plant biotechnology. Prashant’s humility,
kindness, empathy, and optimism were exemplary; his
innovation and vision were inspirational; and his
laughter and love of life were infectious and hard to
ignore.

Born into a family rich in moral values and Ayurvedic knowledge, Prashant had a
lifelong thirst for exploration and overcame all financial limitations. During his Ph.
D. (1976) in Plant Developmental Biology from Gujarat University, he assembled a
cytophotometer along with his junior colleagues, which won him the Hari Om
Ashram Award for Young Scientists. During this time, he forged a lifelong partner-
ship in science and at home with his classmate Daksha Mehta, who with her quiet,
reasoning, calming presence countered Prashant’s excitable personality.

Prashant was awarded the National Merit Scholarship from the Government of
India to pursue studies abroad (1977-1981). He worked with an eminent develop-
mental biologist Ian Sussex at Yale University, who planted the seeds of biotechnol-
ogy in him. He later served as a Visiting Scientist at the USDA’s Vegetable Breeding
Laboratory in Charleston, South Carolina, for developing in vitro selection methods
for herbicide resistance.

During his tenure as an Associate Professor at the MS University of Baroda, he
teamed with Professor Atul Mehta making it a centre of excellence for plant tissue
culture. Funding from CSIR and UGC, Government of India, attracted workshops at
an international level and inspired young Indian scientists to pursue careers in plant
biotechnology. He also conducted multidisciplinary research in collaboration with
experts in Biochemistry and Horticulture, and taught courses at the Department of
Microbiology and Genetics, introducing new curricula of somatic cell genetics.

With award of a Senior Fulbright Fellowship by USEFI, in 1986, he joined the
laboratories of Professors David Hildebrand and Joe Chappell at the University of
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Kentucky, with significant work on the regulation of HMG CoA Reductase, the key
enzyme in the sterol biosynthetic pathway.

In the late 1980s, several tissue culture laboratories began opening up all over
India, encouraged by the emerging need for quality products and new developments
in horticulture. The Bhatt’s joined one such company. Dr Bhatt, as a Vice President
of Unicorn Biotek in Andhra Pradesh, set up the first commercial tissue culture
company built with indigenous equipment and know-how in India. Under Prashant’s
expertise, tissue culture crops other than banana were introduced. Tissue culture
Strawberry—Ilimited to the cool and hilly areas could now grow anywhere: in non-
hilly, non-temperate parts of India such as the arid regions of Gujarat.

Dr Bhatt’s set up Sun Agrigenetics in 1999 in Vadodara, with the vision and
mission to bring biotechnology to farmers’ benefit in Gujarat. Sun Agrigenetics
introduced tissue culture plants of a variety of crops beyond banana. Some of the
“firsts” tissue culture plants developed and commercialised were Coccinea,
Trichosanthes, watermelon, lemon, Giant Reed. With his vision, Sun Agrigenetics
became the sole company with dual recognition: NCS-TCP recognition as a com-
mercial unit, as well as a DSIR recognised research centre from the Government of
India. Development commercial protocols for elite date palm and red sandalwood
were Dr Bhatt’s dream projects, research grants from the Department of Biotechnol-
ogy bringing them to reality. While Sun Agrigenetics was being set up, farmers in
Gujarat were hardly aware of tissue culture and its benefits to the agriculture sector.
With Prashant’s efforts in directly interacting with farmers’ groups on the field,
‘tissue plants’ soon became a colloquial term in the farmer community. Even while
working in a commercial environment, Prashant emphasised education and
continued to guide students through lectures, field visits, and advising research
dissertations through Universities. Several research projects, a number of research
articles of national and international repute, and elected life membership to the Plant
Tissue Culture Association of India speak of his achievements. In 2015, he was
awarded the Professor A.R. Mehta Memorial Lecture by the Indian Botanical
Society, a fitting acknowledgement to his and Professor Mehta’s long-term collabo-
ration and friendship.

Prashant’s legacy consists of the legion of students he trained, who now have
their own trainees, as well as his two daughters and a grandson.



Biotechnology has emerged as an interdisciplinary science amalgamating molecular
biology, genetics, biochemistry, microbiology, and chemical and process engineer-
ing. Advances in biotechnology in the last decade have resulted in the development
of a number of powerful techniques, which have enhanced the well-being of human,
environment, and society by targeting the use of various biological entities to result
in useful products. The motivation to edit a comprehensive volume on current trends
in biotechnology arose from the growing awareness of the recent advances in plant
tissue culture, cell and molecular biology, genetics and applied breeding, biochem-
istry, food processing, and various “omics” technologies that all have boosted the
pace of growth of this vibrant science. This book covers a wide range of applications
of biotechnology. These include discussions on in vitro propagation technology,
encapsulation technology, in vitro production of secondary metabolites, applications
of somaclonal variations, and doubled haploids in agriculture, molecular breeding,
and application of nanobiotechnology in agriculture. Separate chapters are dedicated
to discussing the impact of various “omics” technologies including phenomics,
genomics, proteomics, metabolomics, and bioinformatics in biotechnology research
and their role in crop improvement. Some chapters describe the development
perspective and acceptance level of transgenic crops worldwide. Separate chapters
on RNA interference technology and miRNA-mediated regulation of biotic and
abiotic stress responses in plants have also been discussed. Genome editing technol-
ogy along with its probable applications has been discussed in detail.

This book is intended as a reference for plant/agricultural biotechnologists and
plant molecular biologists. Also, it will serve as a comprehensive text for graduate
and postgraduate level students in the department of plant biotechnology and plant
molecular biology.

This book is the culmination of the efforts of several dignified researchers,
scientists, and postdoctoral fellows who are very well-known and reputed figures
in different frontiers of biotechnology research sector. We sincerely believe that this
book will prove to be a useful contribution not only to science but also to the general
public interest. We express our gratitude and appreciation to all the contributing
authors who helped us tremendously with their time, critical thoughts, and
suggestions to put together this peer-reviewed edited volume. While every effort
was made to reach uniformity in style, the presented results and ideas and

Vii



viii Preface

organizational details of the chapters reflect the preferences of the respective authors.
The editors are also thankful to the Springer Publication group and their team
members for giving the opportunity to publish this book. Lastly, we thank our family
members for their consistent support, understanding, encouragement, and patience
during the entire period of this work.

Solan, India Dinesh Kumar Srivastava
Bharatpur, India Ajay Kumar Thakur
Solan, India Pankaj Kumar
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Commercial Micropropagation of Some
Economically Important Crops

Daksha Bhatt

Abstract

Commercial tissue culture commenced in India in 1984 subsequent to the laud-
able classic work at University of Delhi using basic tissue culture for studies in
developmental biology commenced way back in the 1950s, and its importance
gradually recognized for application in crop improvement. Since then it has been
a trend of ‘rise and fall, and rise again’ till date. The total tissue culture plant
production in India is currently estimated to be 300 million plants per annum, of
which banana shares approximately 50%. Scores of species in fruit, vegetable,
floriculture, forest, plantation, medicinal, and aromatic plant categories are now
produced through micropropagation. Next to banana, sugarcane and ornamentals,
other crops such as pineapple, pomegranate, lemon, ivy gourd (Coccinea indica),
pointed gourd (Trichosanthes dioica), and teasle or spine gourd (Momordica
dioica), turmeric, and ginger are now commercially produced through
micropropagation in India. There are challenges for the micropropagation indus-
try producing banana and other plants in general, with many tissue culture units
facing severe economic loss ending up in non-performance or closure. Some
aspects of the problems are discussed in detail.

Keywords

Commercial micropropagation - Banana - Cucurbits TC - Micropropagation
challenges
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1.1 Introduction

The laudable efforts by Late Professor PM Maheshwari in year 1950 for using tissue
culture techniques for basic studies are the keystone for modern plant biotechnology
in India. The discovery of haploids in tissue culture by Guha and Maheshwari (1964)
became a global landmark in the field of developmental biology. It was later in the
1960s when another tissue culture laboratory was set up at the MS University of
Baroda, where apart from developmental studies, practical aspects of tissue culture
began to be considered under the able guidance of Late Professor Mehta. Plant tissue
culture remained limited to an academic interest until its commercialization was
incepted in early 1984, with A.V. Thomas Co. beginning cardamom tissue culture
(TC) for domestic use. The stage was set by them for ornamental crops, produced for
export purpose. Very soon other companies like Indo American Hybrid Seeds joined
the scene to produce tissue culture plants of ornamentals and also initiated work on
banana tissue culture. Ornamental plants remained at the fore-front then with an idea
to reach the European export markets. No one would have perhaps had the hint at
that time that horticulture crops were beckoning, calling for a very different picture
decades later for commercial micropropagation in India.

1.2  The Beginning

Several commercial plant tissue culture (PTC) units were soon set up in the later part
of the 80s, with imported equipment and technology collaboration. The banana was
the first candidate among the many horticultural crops that were identified. The first
indigenous commercial laboratory was set up in Hyderabad with in-house technol-
ogy development at Unicorn Biotech Ltd in 1987 under the guidance of Late
Dr. P. Bhatt. During this period, more than 50 commercial laboratories were set
up, with banana and sugarcane as the main crops and a high total installed capacity of
around 210 million plants per annum. Department of Biotechnology (DBT), Gov-
ernment of India (GOI), set up two Tissue Culture Pilot Plants in 1989, one of them
being at TERI’s in Haryana. Within the next 2 years, the number of commercial units
went up to 74. In Maharashtra, 25 units were set up. There were nine PTC units each
in Karnataka and West Bengal, 6 units in Andhra Pradesh, 4 each in Tamil Nadu and
Kerala, 3 each in Gujarat, Haryana and UP (Govil and Gupta 1997). At that time
around 75 species in ornamental (foliage plants, flowering plants), fruit, vegetable,
plantation crops, and forest tree species were produced by these laboratories.
Resistance to accepting tissue culture plants by small growers, inconsistencies of
production know-how resulting in poor performance, narrow product range, lack of
trained manpower and infrastructure were the chief constraints that these leaders
initially faced resulting in fluctuated outputs and capacity utilization gradually
dropping to around 50%. For them, there were no guidelines to follow. The scenario
gradually changed in later years after 1991 when GOl identified micropropagation of
plants as an industrial activity under the Industries (Development and Regulation)
Act of 1951, which gave a boost to the commercialization of plant tissue culture
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(PTC). In 2005, only 45 PTC units were functioning with production volumes of
30 million plants per annum (Shukla et al. 2012). GOI, through DBT, formed the
National Certification System (NCS-TCP) in 2006 to establish a structured system
for production and distribution of quality planting material, and to regulate its
commercial production. Since its inception, there is a significant impact on the
quality of plants produced, as evident from the fact that there has been no major
virus outbreak (DBT 2016). With these guidelines and intervention by the GOI,
again there was a rise in the production of tissue culture plants (TCP) mounting to a
capacity to 300 million plants per annum in the year 2012. In 2016, there were
100 NCS-TCP recognized units; with units not yet recognized, the aggregate score
was 200. The actual production of TC plants was 350 million in total installed
capacity of 500 million (Shukla 2017). Thus, the history of commercial tissue culture
in India is a story of ‘rise and fall, and rise again’ as quoted by Prakash (2006).

1.3 Present Scenario

In the past two decades, the plant micropropagation industry has made a very strong
presence in line with other biotech industries. As of date, there are 83 NCS-TCP
recognized production units spread across the country. Out of these, the first four
states: Gujarat, Maharashtra, Tamil Nadu, and Karnataka house 51 units, that is, 61%
of total PTC units (Fig. 1.1). Capacity wise, some PTC units are large with installed
capacities of around 1-3 million plants/annum. Jain Irrigation Ltd. set up their PTC
unit in 1995—today it is the largest PTC unit in the world with a production capacity
of 70 million plants per annum producing banana, pomegranate, and strawberry.
Others have smaller capacities between 0.5 and 1 million. In 2016, the gross installed
production capacity was about 500 million plantlets per annum, as of the date this
number would have increased by 25%. The industry witnesses an actual production
of approximately 350 million plants (DBT stakeholders meet 2016). Banana, potato,
sugarcane, apple, pineapple, strawberry, gerbera, anthurium, lilium, orchids, bam-
boo, date palm, teak, and pomegranate are some of the major plants tissue cultured in
India. Cardamom TCP covers 500 ha and vanilla covers 50 ha among the spice
group plants (Anis and Ahmad 2016). Apart from this, turmeric, ginger, lemon,
pointed gourd, ivy gourd, spine gourd, and papaya are new additions to the product
list of TCPs.

The role of various plant tissue culture techniques in new opportunities for its
contribution towards crop improvement, productivity, and food security has been
reviewed by several workers. In the earlier years, ornamental plants were the main
TC product of some of the commercial companies in trend with the global market,
and this was reviewed in detail by Govil and Gupta (1997). Prakash (2000)
enumerated the factors influencing the development of the micropropagation indus-
try in India and explained some management and planning issues that hampered
further growth of the industry. Later on, they analysed the opportunities and
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Fig. 1.1 Present state-wise State-wise Recognised TCP Units
distribution of NCS-TCP 11 = Maharashtra
recognized PTC units (DBT ‘ Gujarat
2020) ’ Karnataka
. Tamilnadu
= Telangana

. = Chattisgarh
u MP
‘ 16 = Uttar Pradesh
= Haryana
= Punjab
m West Bengal
= Andhra Pradesh

problems faced by the industry (Prakash 2012). Recently, Ragavendran and
Natarajan (2017) presented an extensive review of TC in all crop species for fast
multiplication, the introduction of new traits in crop plants and the development of
crops resistant to biotic and abiotic stress, signifying the value of this technology in
food security at a global level. Anis and Ahmad (2016) highlighted that in order to
make commercialization successful for any crop, the technology should be repro-
ducible and the system must have the least chances of genetic instability. Kumar
(2017) in his review has focused on banana PTC industry in particular, mentioning
the need to reduce the demand—supply gap with better marketing policies and better
distribution of certified quality plantlets to farmers. Gulzar et al. (2020) described in
detail various applications of plant biotechnology for genetic improvement and
illustrated the viability of transgenic methods for clonal production of valuable
germplasm. Whereas many of the reviews and reports signify opportunities and
applications of PTC and results are mainly limited to laboratory, pilot-scale or field
trials, a clear picture does not emerge on its further application by the PTC industry
in terms of absolute volumes produced for each crop and what is the current trend in
commercialization, barring the TC banana. In the absence of authentic information,
it is only an estimate that can be made on total production for each type of product
based on market information and personal communication with concerned people.
Based on this, the major producers (albeit not limited) of PTC in the country are
shown in Table 1.1.

Among banana, Grand Naine, a popular variety grown mostly in all export-
oriented countries of Asia, Africa, South America, is a superior selection of Giant
Cavendish which is introduced in India since 1990. Due to many desirable traits like
excellent fruit quality, immunity to fusarium wilt, it has proved a better variety
(Singh & Chundawat 2002). India being the largest producer of banana, and the need
for large volumes of planting material, it is not surprising that it was the first
horticultural crop to be commercially produced through TC. The first PTC banana
was incidentally sold at a price twice the current rate in the 1980s by Indo American
Hybrid Seeds when the very first TC banana was produced. As evident from
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statistical data of the past 5 years, the area under production of banana is on a
continuous rise (Tables 1.2 and 1.3).

The estimated production of banana in year 2016-2017 was 31.08 million tons
(NHB 2017), which rose to 3.7% higher to 31.17 million tons in the subsequent year,
and 10% higher than the previous 5 years’ average (Press Information Bureau 2019).
Thus, there is a steady increase in production as well as productivity within the
country. India contributes up to 26% of total world production of banana having
higher productivity than the world average, but stands lower compared to the
productivity of Indonesia (Fig. 1.2). Within the country, six states (Gujarat, Tamil
Nadu, Andhra Pradesh, Gujarat, Maharashtra, and UP) contribute 2/3 of the produc-
tion from % of total area (Fig. 1.3). Commercial cultivation of banana is not only
limited to the plains in the major banana growing states. TC banana has also reached
the States of Jammu (Jeet et al. 2019), as well as in Meghalaya (Fig. 1.4a), from
where the local clones of Hill banana were procured, multiplied through
micropropagation and cultivated (Meghalaya SFAC 2014); Dir of Horticulture
Meghalaya, personal communication).

With total area under banana cultivation of 859,000 ha, 2.546 billion plants are
required at the rate of 2964 plants/ha. The current total annual TC banana plant
production is estimated (Table 1.1) to be around 150 million. Out of this, the four
states in South India- Telangana, AP, Karnataka, and Tamil Nadu produce 11-14
million banana each year (Rao TVLN, Mane R, personal communication). Report
from Rabobank (2019) gives an official estimate of TC banana production in India
up to 80 million plants which would be about 3% of total requirement of planting
material. In another publication (APAARI 2019), it is stated that 17% of banana
plantations in India are TC derived. In this case, TC banana produced would be
432 million. If this estimate is correct, the un-recognized labs are producing a much
larger volume of TC banana than those that are DBT recognized. All these are
calculated estimates, but it is clear that the market share of TC banana plants stands
in-between 3 and 17%. The Department of Biotechnology in India expects the
annual growth in demand for tissue-cultured banana plants to increase at a rate
of 25%.

Whatever are the statistics, being no more than estimates or assumptions, it is
very clear that we are still lagging in productivity and the need for quality planting
material inter alia is still looming over on modern horticulture, as brought to our
attention from frequent reports from National Research Centre for Banana and other
publications. The productivity of banana in India is higher than world average, like
in few other crops (Fig. 1.2), but still lower than world’s best productivity. A
significant control has been brought over due to disease free TC banana and the
dominance of Cavendish banana which are resistant to Fusarium oxysporum f. sp.
cubense. A new threat has arisen since the past couple of decades from a new race of
F. oxysporum, called TR4. Its presence is confirmed in Asia, South Africa, and
Australia. FAO (2020) goes to state that further spread of TR4 would have a
significant impact on global banana production and business. It can infect and
destroy plants that were resistant to the older races of Fusarium. This includes
Cavendish and other varieties as well as plantains. So far, no methods of eradication
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India's productivity woes

World's Best Yield World Average Indian Yield
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Fig. 1.2 Crop yields in major countries with maximum and average yields
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Fig. 1.3 State-wise area under cultivation of banana (in ‘000 ha) in different states of India (Data
from NHB 2017)

are available (Hwang 2001). Approaches have been made to look for resistance in
wild genotypes or by mutation breeding with some success (Smith et al. 2006).
Somaclonal variation has been exploited in micropropagated plants for various



